Award  Number: 


DAMD17-00-1-0468 


AD 


TITLE:  Measurement  of  the  Electron  Density  Distribution  of 

Estrogens  -  A  First  Step  to  Advanced  Drug  Design 


PRINCIPAL  INVESTIGATOR:  Damon  A.  Parrish 

A.  Alan  Pinkerton,  Ph.D. 


CONTRACTING  ORGANIZATION:  The  University  of  Toledo 

Toledo,  Ohio  43606-3390 


REPORT  DATE:  July  2002 

TYPE  OF  REPORT:  Annual  Summary 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


2002112/  104 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  074-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining 
the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports.  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of 
Management  and  Budget.  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503 


1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE 

July  2002 


4.  TITLE  AND  SUBTITLE 

Measurement  of  the  Electron  Density  Distribution 
of  Estrogens  -  A  First  Step  to  Advanced  Drug 
Design 


6.  AUTHOR(S) 

Damon  A.  Parrish 
A.  Alan  Pinkerton,  Ph.D. 


3.  REPORT  TYPE  AND  DATES  COVERED 

Annual  Summary  (15  Jun  01-14  Jun  02) 


5.  FUNDING  NUMBERS 

DAMD17-00-1-0468 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

The  University  of  Toledo 
Toledo,  Ohio  43606-3390 

E-Mail: 

Dparris2@uoft02.utoledo.edu 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 

report  contains  color 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 


12b.  DISTRIBUTION  CODE 


IS.  Abstract  (Maximum  Wwub;  (abstract  should,  eeBISia  OS.  Proprietary  qt_  confidential  information) 

It  has  been  shown  that  the  development  of  certain  types  of  cancer  can  be  hormone  dependent.  Estrogens,  such 
as  estradiol,  have  the  ability  to  bind  as  ligands  to  the  estrogen  receptor  in  the  first  of  many  steps  which  could 
result  in  the  activation  or  repression  of  genes  critical  in  the  mechanism  of  tumor  growth.  The  principle  objective 
of  this  proposal  is  to  relate  known  biological  reactions  to  physical  properties  such  as  point  charges  of  atoms  and 
the  electrostatic  potential. 

We  are  obtaining  information  about  these  electronic  properties  of  estrogen  derivatives  from  experimental 
determination  of  their  electron  density  using  high  quality  single  crystal  X-ray  crystallography.  During  the  past 
year,  the  focus  was  in  completing  Task  3,  analysis  of  charge  density  data  sets,  for  three  systems  (17y9- 
estradiol»54MeOH,  1 7 a  estradiol* '/zh^O,  and  1 7a-estradiol«urea).  Data  integration  techniques  have  been  refined 
to  improve  overall  data  quality  and  consistency.  Topological  analysis  has  been  completed,  while  analysis  of  the 
electrostatic  potential  is  nearly  complete.  Initial  comparisons  have  yielded  some  expected  and  unexpected 
results.  These  will  be  discussed  in  the  body  of  the  report.  Continued  effort  must  be  made  to  obtain  more  quality 
data  of  different  systems  to  increase  the  amount  of  data  we  have  to  reference  to. 


14.  SUBJECT  TERMS 

breast  cancer,  x-ray  crystallography,  estrogens,  drug  design 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

Unclassified 


NSN  7540-01  -280-5500 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclassified 


15.  NUMBER  OF  PAGES 

115 


16.  PRICE  CODE 


20.  LIMITATION  OF  ABSTRACT 

Unlimited 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


Table  of  Contents 


Cover . 1 

SF  298 . 2 

Table  of  Contents . 3 

Introduction . 4 

Body . 4 

Key  Research  Accomplishments . 7 

Reportable  Outcomes . 7 

Conclusions . 8 

Appendix  A . . 9 

Appendix  B . 13 

Appendix  C . 45 

Appendix  D . 93 


3 


Introduction 


It  has  been  shown  that  the  development  of  certain  types  of  cancer  can  be  hormone 
dependent.  Estrogens,  such  as  estradiol,  have  the  ability  to  bind  as  ligands  to  the  estrogen 
receptor  in  the  first  of  many  steps  which  could  result  in  the  activation  (agonistic  effect)  or 
repression  (antagonistic  effect)  of  genes  critical  in  the  mechanism  of  tumor  growth.  It  is  the 
object  of  this  study  to  relate  physical  and  chemical  properties  of  estrogen  derivatives  to  certain 
observed  biological  functions.  It  is  hoped  that  detailed  analysis  of  X-ray  crystallographic  data 
will  provide  important  information  to  assist  in  the  development  of  therapeutic  drugs.  My  role  is 
the  experimental  determination  of  the  electron  density  distribution  of  several  estrogens  as  part  of 
a  larger  study  to  investigate  a  wide  variety  of  estrogens. 

Body 


Task  1.  Preliminary  studies  on  a  series  of  crystals  of  ‘A-  and  D-ring’  estrogen  derivatives. 

•  Develop  crystallization  methods  for  the  derivatives  which  are  not  yet  available  as 
charge  density  quality  single  crystals. 

-  I  had  previously  found  crystallization  methods  for  the  following  compounds: 
17/?-estradiol  •  urea 
1 7  #-estradiol  •  54  H2O 
17/?-estradiol  •  XA  MeOH 
17y9-estradiol  •  %  MeOH  •  lA  H2O 

Currently  the  best  conditions  found  so  far  involve  dissolving  17/?-estradiol  or 
17«-estradiol  in  “wet”  methanol.  Allowing  the  solvent  to  evaporate  as  slowly  as 
possible  (~2-4  weeks)  will  yield  charge  density  quality  crystals.  Unfortunately, 
this  can  result  in  the  formation  of  different  crystal  systems  (such  as  17/?-estradiol 
•  V2  MeOH  or  17^-estradiol  •  %  MeOH  •  Vi  H2O).  “Wet”  methanol  is  obtained 
by  simply  allowing  methanol  to  sit  for  extended  periods  to  absorb  atmospheric 
water. 


•  Temperature  studies  on  each  derivative  to  establish  tolerances  and  the  appropriate 
temperatures  for  the  measurements. 

Several  crystals  were  taken  to  the  synchrotron  source  at  Argonne  National  Labs  in 
order  to  obtain  data  below  liquid  nitrogen  temperatures.  These  tests  were 
unsuccessful,  we  still  encounter  problems  with  crystal  stability  while  cooling  to 
liquid  helium  temperatures. 


•  Preliminary  routine  X-ray  crystal  structure  determination  on  each  derivative  to  check 
for  composition,  quality,  and  solvation. 

-  No  additional  work  has  been  done  in  this  area  in  the  past  year. 
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Task  2.  Electron  density  quality  data  collection  on  the  above  mentioned  estrogen  analogues. 

•  X-ray  diffraction  studies  at  liquid  nitrogen  temperatures  on  crystals  that  did  not 
qualify  for  lower  temperatures. 

-  No  additional  work  has  been  done  in  this  area  in  the  past  year. 

•  X-ray  diffraction  studies  at  liquid  helium  temperatures. 

-  Work  has  been  continued  to  try  to  find  a  better  strategy  for  cooling  crystals  down 
to  near  liquid  He  temperatures. 

Task  3.  Interpretation  and  analysis  of  nitrogen  and  helium  temperature  charge  density  data  sets 
of  above  mentioned  estrogen  analogues. 

•  Analysis  of  the  experimental  data. 

**  Complete  detailed  results  of  the  three  structures  are  given  in  the  appendices 
attached  at  the  end  of  the  report.  They  include  data  collection  parameters, 
integration  parameters  and  statistics,  reflection  statistics,  positional  and  thermal 
parameters,  bond  lengths  and  angles,  starting  values  for  multipole  refinements, 
final  monopole  and  multipole  populations,  results  from  the  topological  analysis, 
as  well  as  several  diagrams  of  the  final  models. 

-  It  was  stated  in  last  year’s  report  that  the  charge  density  data  of  the  three  systems 
collected  so  far  had  been  treated  and  the  studies  had  moved  on  to  the  multipole 
refinement.  It  was  discovered  after  attempting  multipole  refinements  of  the  three 
systems  that  our  process  for  data  treatment  was  not  consistent  enough  to  yield 
reliable  results.  The  problems  lie  in  the  integration  of  the  raw  data.  This  required 
that  we  take  a  step  back  and  reevaluate  the  application  of  the  software  we  use. 

-  Integration  of  the  raw  data  involves  integrating  the  intensity  of  the  reflections  as 
measured  by  a  two-dimensional  CCD  detector.  Several  parameters  must  be 
defined  to  determine  exactly  how  the  software  integrates  the  reflections.  It  was 
the  combination  of  parameters  that  had  to  be  refined.  There  are  three  parmeters 
which  critically  affect  the  outcome  of  the  integration,  and  they  are: 

-  Box  Size  -  area  on  2-dimensional  frame  to  be  integrated  for  each  reflection 

-  Profile  Fitting  Limits  -  threshold  for  reflections  which  are  used  to  determine 
the  profiles  applied  in  the  fitting. 

-  Simple  Sum  Perimeter  Limit  -  Determines  how  far  out  on  the  reflection 
profile  to  integrate 

It  was  found  that  different  detector  settings,  even  for  the  same  data  set,  require 
different  box  size  parameters  and  profile  fitting  limits.  The  simple  sum  perimeter 
limit  of  0.02  was  found  to  be  the  best  value  for  all  three  data  sets. 

-  The  multipole  model  requires  a  local  coordinate  system  be  set  up  for  every  atom. 
The  same  coordinate  system  was  applied  to  each  structure  where  possible.  This 
coordinate  system  is  shown  in  detail  in  Appendix  A  starting  on  p.  9. 

-  It  was  found  that  the  starting  values  for  the  multipole  model  greatly  influenced  the 
path  the  refinement  would  take.  It  was  determined  that  a  specific  set  of  starting 
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values  should  be  applied  to  each  structure  to  ensure  consistency.  These  optimum 
values  are  shown  in  the  appendices  of  the  specific  structures. 

17y9-estradiol  •  urea:  As  stated  last  year,  the  first  data  set  was  not  usable.  The 
second  data  set  collected  was  of  high  quality.  This  allowed  the  multipole 
refinement  to  be  completed  as  well  as  full  topological  analysis.  Complete  results 
are  in  Appendix  B  beginning  on  p.  13. 

17y5-estradiol  •  54  MeOH:  Despite  the  fact  that  the  crystal  system  is  PI,  meaning 
there  is  no  symmetry  equivalent  data  which  reduces  redundancy  in  the  data,  the 
multipole  refinement  was  successfully  completed  as  well  as  full  topological 
analysis.  Complete  results  are  in  Appendix  C  beginning  on  p.  45. 

17a-estradiol  •  14  H2O:  The  water  molecule  of  this  system  lies  on  a  2-fold  axis  of 
rotation,  meaning  only  half  of  the  molecule  is  unique.  This  in  itself  is  not  a 
problem  except  that  it  was  discovered  during  the  multipole  refinement  that  the 
hydrogen  atom  was  very  slightly  disordered.  The  position  it  refined  to  generated 
a  symmetry  equivalent  hydrogen  atom  which  created  an  H  -  O  -  H  bond  angle  of 
less  than  90°.  The  thermal  parameter  of  the  hydrogen  atom  is  twice  as  large  as  a 
typical  hydrogen  atom  of  the  system.  Due  to  the  fact  the  disorder  is  a  result  of  a 
shift  on  the  order  of  0.1  Angstroms  for  the  hydrogen,  the  effect  of  this  disorder  is 
taken  up  by  the  large  thermal  parameter  of  the  hydrogen.  Unfortunately  this 
disorder  greatly  effects  the  hydroxy  atoms  that  are  hydrogen  bound  to  the  water. 
This  complicated  the  refinement  significantly,  however  it  was  successfully 
completed  as  well  as  full  topological  analysis.  The  Complete  results  are  in 
Appendix  D  beginning  on  p.  93. 

-  Some  analysis  of  the  electrostatic  potential  has  been  completed  on  the  17/?- 
estradiol  •  urea  and  17/?-estradiol  •  !4  MeOH  systems.  Some  plots  can  be  seen  in 
the  appendices.  No  analysis  of  the  electrostatic  potential  for  the  17a-estradiol  •  54 
H2O  system  has  yet  been  done. 

•  Comparison  of  the  results  from  the  series  of  estrogen  analogues. 

-  Initial  comparisons  of  the  multipole  models  and  the  topological  analysis  have 
yielded  expected  and  unexpected  results.  It  was  expected  that  the  core  structure 
of  the  estrogen  molecules  would  remain  relatively  unchanged  from  system  to 
system  even  with  chemical  substitutions  at  the  activity-sensitive  ends.  This  was 
found  to  be  the  case. 

-  One  major  question  that  needed  to  be  answered  was  could  such  small  features  as 
oxygen  lone  pair  densities  be  determined  on  such  large  systems.  If  they  could  be 
determined,  then  you  have  to  ask;  Would  they  be  affected  by  different  hydrogen 
bonding  schemes?  Would  the  lone  pair  density  of  the  oxygen’s  on  the  aromatic 
ring  conjugate  to  the  pi  system  of  the  aromatic  ring?  The  answer  is  that  we  can 
determine  features  such  as  lone  pair  densities  on  the  oxygen’s  (see  diagrams  in 
appendices).  It  was  found  that  each  oxygen  atom  had  two  lone  pairs  in  a  rough 
sp3  type  geometry.  This  demonstrates  that  the  lone  pairs  are  surprisingly  robust  in 
that  they  do  not  significantly  change  in  different  hydrogen  bonding  schemes  and 
when  the  oxygen  is  bound  to  aromatic  systems.  This  was  somewhat  surprising, 
however  this  type  of  analysis  is  not  well  represented  in  the  literature. 
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-  Initial  tests  indicate  that  the  electrostatic  potential  around  these  oxygen’s  are  also 
quite  consistent,  not  changing  significantly  with  different  hydrogen  bonding 
environments.  This  concept  requires  completion  of  the  electrostatic  potential 
calculations  to  be  sure. 

•  Analyze  relationship  of  charge  density  to  receptor  binding  affinity  and  the 

chemical/biological  effects  as  related  to  breast  cancer. 

-  This  step  can  not  be  started  until  a  sufficient  amount  of  charge  density  studies 
have  been  completed  successfully.  Completion  of  these  three  structures,  as  well 
as  structures  soon  to  be  completed  by  other  group  members,  should  allow  this  to 
begin  in  the  near  future. 

•  Final  analysis  and  preparation  of  manuscripts. 

-  Manuscripts  have  been  started  and  will  be  completed  as  a  series  of  papers  upon 
completion  of  the  electrostatic  potential  analysis.  It  is  our  hope  that  the 
manuscripts  will  be  successfully  submitted  to  the  Journal  of  the  American 
Chemical  Society. 

-  A  manuscript  has  been  submitted  discussing  17y0-estradiol  •  %  MeOH  •  lA  H2O 
system. 


Key  Research  Accomplishments 

•  The  core  estrogen  structure  is  very  consistent  between  derivatives. 

•  Determination  that  it  is  possible  to  locate  lone  pair  densities  of  oxygen’s  in  such  large 
systems 

•  Determination  that  the  oxygen  atoms  of  these  systems  are  decidedly  sp3  in  shape 
despite  the  fact  they  are  bound  to  aromatic  neighbors. 

•  Determination  that  the  lone  pairs  appear  to  be  unaffected  by  completely  different 
hydrogen  bonding  environments. 

•  Initial  suggestion  that  the  electrostatic  potential  around  the  oxygen  atoms  are 
consistent  in  the  face  of  different  chemical  environments. 


Reportable  Outcomes 

•  There  were  no  reportable  outcomes  to  present  from  the  last  year. 
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Conclusion 


During  the  past  year,  I  have  made  significant  progress  with  three  of  the  derivatives  (17/2- 
estradiol  •  Vi  MeOH,  17a  estradiol  •  Vi  H2O,  and  17a-estradiol  •  urea).  Initial  comparisons  of 
the  results  of  these  refinements  have  yielded  interesting  results,  some  expected,  some  not. 
Determining  the  consistency  or  inconsistency  in  the  properties  of  the  estrogen  derivatives  in 
different  environments  is  key  in  understanding  how  they  behave  in  the  body  and  in  the  active 
site.  The  completion  of  these  studies,  along  with  the  other  derivatives  being  studied  within  the 
research  group  should  begin  to  provide  a  reasonable  pool  of  data  to  further  enhance  the 
preliminary  findings.  Continued  effort  must  be  made  to  analyze  the  electrostatic  potential  and 
determine  how  the  charge  density  relates  to  receptor  binding  affinity  and  the  chemical/biological 
effects  as  related  to  breast  cancer.  This  is  necessary  in  order  for  us  to  reach  our  intended  goal  of 
developing  a  new  method  of  advanced  drug  design. 
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Appendix  A 

Coordinate  System  Setup 


Figure  A-5.  Coordinate  system  setup  for  the  A-ring  carbon  and  hydrogen  atoms. 


Figure  A-6.  Coordinate  system  setup  for  the  B-ring  carbon  atoms. 
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Figure  A-7.  Coordinate  system  setup  for  the  C-ring  carbon  atoms. 

ci8  X 


Figure  A-8.  Coordinate  system  setup  for  the  D-ring  carbon  atoms. 


Looking  down  the  3-fold  axis  of  Cl 8. 


HI  8b 


Figure  A-9.  Coordinate  system  setup  for  C18,  H18a,  H18b,  and  H18c  atoms. 


Figure  A- 10.  Coordinate  system  setup  for  the  hydroxy  oxygen  atom. 


Figure  A-l  1.  Coordinate  system  setup  for  R2CH2  hydrogen  atoms.  This  includes 
(H6a,H6b),(H7a,H7b),(Hl  la, HI  lb),(H12a,H12b),(H15a,H15b),  and 
(H16a,H16b). 
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Figure  A- 12. 


ft9 - —  ftl4 


Coordinate  system  setup  for  H8,  H9,  and  H19  atoms. 


12 


Appendix  B 
1 7  /?-estradiol*urea 


C(18) 


Figure  B- 1 .  Thermal  ellipsoid  plot  of  1 7 /?-estradiol»urea  where  ellipsoids  represent  50% 

probability  electron  density  of  the  atom.  Hydrogen  atoms  are  omitted  for  clarity. 


Run 

20 

CO 

<t> 

Scan 
Width  (°) 

#of 

Frames 

Frame 
Times  (sec) 

1 

-10 

0 

45 

-0.30 

606 

60 

2 

-10 

0 

135 

-0.30 

606 

60 

3 

-10 

0 

225 

-0.30 

606 

60 

4 

-10 

0 

315 

-0.30 

606 

60 

5 

-10 

0 

45 

-0.30 

50 

60 

6 

-50 

-40 

0 

-0.30 

606 

180 

7 

-50 

-40 

90 

-0.30 

606 

180 

8 

-50 

-40 

180 

-0.30 

606 

180 

9 

-50 

-40 

270 

-0.30 

606 

180 

10 

-50 

-40 

0 

-0.30 

50 

180 

11 

-85 

-75 

22 

-0.30 

606 

180 

12 

-85 

-75 

112 

-0.30 

606 

180 

13 

-85 

-75 

202 

-0.30 

606 

180 

14 

-85 

-75 

292 

-0.30 

606 

180 

15 

-85 

-75 

22 

-0.30 

50 

180 

Table  B- 1 .  Data  collection  parameters  for  1 7 /?-estradiol*urea. 
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Crystal  Data 

Chemical  Formula 

C19H28N2O3 

Temperature 

100.0(1)  K 

Crystal  Dimensions 

0.35  x  0.37  x  0.40  mm 

Space  Group 

P2!2i2, 

A 

7.9022(9)  A 

B 

9.2228(10)  A 

C 

24.5890(28)  A 

Volume 

1792.06(56)  J? 

Z  (Crystallographic) 

4 

Integration  Parameters 

Box  Size  (°) 

Profile 
Fitting  (I/cr) 

Simple  Sum 
Perimeter  Limit 

Low  Angle 

1.5  X  1.5  X  1.0 

30  10 

0.02 

Medium  Angle 

1.2  x  1.2  x  0.8 

30  10 

0.02 

High  Angle 

1.0  x  1.0  x  0.6 

20  10 

0.02 

Reflection  Statistics  (from  SORTAV) 

Total  Reflections 

110999 

Rejected  Outliers 

779 

Unique  Reflections 

13187 

Average  Redundancy 

8.4 

Resolution 

1.180  A'1 

Completeness 

98.6  % 

Ri 

3.52  % 

r2 

3.98  % 

Rw 

12.84  % 

Z  (Refinement) 

1.999 

Table  B-2.  Selected  crystal,  integration,  and  reflection  data  for  1 7 /?-estradiol*urea. 


14 


X 


Figure  B-2.  Coordinate  system  for  the  urea  molecule. 
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7.3 

0.1823 

WxWZtM 

0.1892 

2.234 

0.197 

6  <Q  <  8 

10833 

1229 

8.8 

0.1642 

0.1397 

BEBEEBI 

BMEkM 

8  <  Q  <  10 

8050 

873 

9.2 

0.1272 

EM 

10  <  Q  <  20 

22630 

2179 

10.4 

0.0604 

0.0737 

BR1 

20  <  Q  <  30 

13284 

1022 

9EEH 

0.0498 

30  <0  <  50 

15702 

984 

MEEEB 

0.0236 

0.0339 

BWikirJB 

Wxlx'thM 

50  <  Q  <  100 

629 

34 

18.5 

0.0153 

■nftHIM 

0.017 

100  <Q 

0 

0 

0.0 

0.0000 

0.0000 

■lllHIf 

0.000 

Table  B-3.  Intensity-Significance  Intervals  where  n  is  the  number  of  reflections,  m  is  the 

number  of  unique  reflections,  <ri>  is  the  average  measurement  multiplicity,  and 
Q=I/Max  (crmt/<7ext)  respectively  for  17/?-estradiol»urea. 


n 

- 

<n> 

Rx 

Ri 

Rw 

Z 

V 

D>  1.150 

TdllrB 

0.0265 

0.0399 

0.029 

■ 

0.0259 

0.0300 

0.031 

0.913  >D>0.798 

5817 

8.4 

0.0347 

0.0332 

BTBKfTM 

2.010 

0.040 

0.798  >D>  0.725 

6582 

■QQH 

0.0399 

msm 

0.045 

0.725  >  D  >  0.673 

8411 

12.5 

0.0482 

EEE5EI 

E&xa 

0.055 

0.673  >  D  >  0.633 

683 

1fe*:W 

0.0612 

0.1137 

0.633  >D  >0.601 

653 

BUB 

0.077 

0.601  >  D  >  0.575 

7635 

663 

11.5 

0.097 

0.575  >  D  >  0.553 

6763 

677 

10.0 

0.1040 

0.0949 

0.1445 

2.002 

0.117 

0.553  >  D  >  0.534 

3653 

5.6 

■illcVJM 

0.1375 

eh 

0.143 

0.534  >  D  >  0.517 

3549 

0.1390 

eh 

0.167 

0.517  >  D  >  0.502 

3458 

5.4 

0.1718 

0.1567 

0.2036 

2.100 

0.190 

0.502  >D>  0.489 

623 

5.2 

0.2044 

0.1875 

0.2255 

2.066 

0.220 

0.489  >  D  >  0.477 

t»/.T 

650 

5.0 

0.2160 

0.1968 

0.2254 

2.078 

0.232 

0.477  >  D  >  0.466 

3002 

607 

4.9 

0.1970 

0.1732 

0.2134 

2.035 

0.215 

0.466  >  D  >  0.456 

3000 

628 

4.8 

■iiraraB 

0.2306 

IH 

0.231 

0.456  >  D  >  0.447 

2929 

614 

4.8 

BMdrHM 

Hi 

eh 

0.307 

0.447  >  D  >  0.439 

2646 

590 

4.5 

0.3363 

0.3255 

0.3274 

2.009 

0.378 

0.439  >D>  0.431 

2466 

599 

4.1 

■rifclW 

WBBM 

0.357 

0.431  >D>  0.424 

1454 

395 

BB3EBB 

ESI 

BEIiW 

0.435 

Table  B-4.  Equal-Volume  Resolution  Shells  where  n  is  the  number  of  reflections,  m  is  the 
number  of  unique  reflections,  <ri>  is  the  average  measurement  multiplicity,  and 
D=sin<9//1  (A'1)  respectively  for  17/?-estradiol*urea. 
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BHSfilH 

flHBHHI 
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bebemi 

Cl 
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BEHESEi 

-0.00066(10) 

0.00125(10) 

C2 

■tfiVMIHCT 

C3 
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iimiemin 

uiummm 

■witmwiniM 

-0.00055(9) 

C4 

■jBEraiiMsM 

■iTiir»T:lHW 

0.00325(13) 

ginnnKir>n« 

C5 

messmsm 

»nitiinfllTCT 

C6 

IMtfi 

mrnmmm 

mSEBBM 

0.00858(18) 

mmesbm 

Cl 

BMHHB1 

■<T> jam 

eehi 

mm\w «>« 

C8 

naraa 

beeessiii 

texwwMcfiaB 

C9 

BEEBE! 

BE— 

CIO 

BMiaflBl 

0.01155(11) 

Cll 

witmmkn 

■tltlKWICT 

bebbb 

gmniBWiCT 

frinninnnflB 

C12 

bebhei 

bbuhhbm 

■n>w»mn?M 

C13 

UiHIWH 

llltlKfdgflril 

0.01124(11) 

gmiimur/iiHI 

■ininiifjriM 

C14 

EMmtm 

beehem 

■iWEWHIl 

teinmtratrt;« 

beehei 

bembb 

BKMZT4B1 

jj— 

BE— 

giiHtwewitf 

Mara 

■iI  JSMSBM 

■iwmarekbil 

wmmam 

jgiiitiiiiiWAm 

C17 

beeehei 

WEBEBESM 

iHU] 

-0.00014(10) 

C18 

bembb 

bebihbi 

BHUElia 

-0.00059(14) 

-0.00085(11) 

03 

■i  EEESEM 

■.T.yjnwm 

fcnunilftTM  J 

MmEmM 

N1 

MEEMSSiM 

■ilillriiWIIW 

0.04896(23) 

0.00427(14) 

■ntwrmaiM 

■WMcMUtEM 

N2 

BEE5IB1 

bmbi 

Mtjmmun 

C19 

0.01344(15) 

0.01475(12) 

0.01804(13) 

-0.00048(12) 

0.00345(12) 

gmnmwiCW 

Table  B-7.  Anisotropic  thermal  parameters  of  non-H  atoms  for  1 7 /?-estradiol»urea. 


Atom 

Ujso 

H10 

0.0232(16) 

H20 

0.0252(17) 

HI 

0.0499(16) 

H2 

0.0456(16) 

H4 

0.0406(15) 

H6A 

0.0711(19) 

H6B 

0.0651(18) 

H7A 

0.0524(16) 

H7B 

0.0506(15) 

H8 

0.0465(15) 

H9 

0.0482(16) 

H11A 

0.0613(17) 

H11B 

0.0479(14) 

H12A 

0.0544(16) 

H12B 

0.0524(15) 

Atom 

Ujso 

H14 

0.0401(14) 

HI  5  A 

0.0637(18) 

H15B 

0.0531(16) 

H16A 

0.0675(19) 

H16B 

0.0570(17) 

H17 

0.0501(14) 

H18A 

0.0631(18) 

H18B 

0.0629(17) 

H18C 

0.0596(17) 

HINA 

0.0471(18) 

H1NB 

0.0509(19) 

H2NA 

0.0437(17) 

H2NB 

0.0448(17) 

Table  B-8.  Isotropic  thermal  parameters  of  H  atoms  for  17/?-estradiol*urea. 


19 


Atoms 

Bond  Length  (A) 

C9-C10 

1.5235(5) 

C9-C11 

1.5357(5) 

C11-C12 

1.5368(5) 

C12-C13 

1.5312(5) 

C13-C14 

1.5398(5) 

C13-C17 

1.5357(5) 

C13-C18 

1.5352(5) 

C14-C15 

1.5412(6) 

C15-C16 

1.5550(5) 

C16-C17 

1.5417(6) 

03-C19 

1.2547(5) 

N1  -C19 

1.3419(6) 

N2-C19 

1.3474(5) 

Atoms 

Bond  Length  (A) 

01 -C3 

1.3716(4) 

02-C17 

1.4357(4) 

C1-C2 

1.3923(5) 

Cl -CIO 

1.4013(5) 

C2-C3 

1.3934(5) 

C3-C4 

1.3918(5) 

C4-C5 

1.3977(5) 

C5-C6 

1.5104(6) 

C5-C10 

1.4051(5) 

C6-C7 

1.5272(5) 

C7-C8 

1.5294(5)  j 

C8-C9 

1.5461(5) 

C8-C14 

1.5219(5) 

Table  B-9.  Bond  distances  of  non-H  atoms  of  1 7/?-estradiol*urea. 
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Table  B-ll 


Atom 

Monopole 
Population  (Po.o) 

01 

■HHI 

02 

Cl 

nraB 

C2 

C3 

^EE&IiES^E 

C4 

C5 

HIEH 

C6 

Cl 

WKEMKfiWM 

C8 

4.121(14) 

Cll 

no 

■an 

■ESBUiEH 

C14 

4.111(14) 

C15 

■EEgsam 

C16 

■KMROOO 

C17 

■EMEH 

C18 

IKES^IBHi 

03 

N1 

5.282(12) 

N2 

■E&umi 

C19 

4.030(14) 

Atom 

Monopole 
Population  (Po.o) 

H10 

H20 

0.609(9) 

HI 

0.794(10) 

H2 

0.752(9) 

H4 

eksstshi 

H6A 

0.853(7) 

H6B 

0.853(7) 

H7A 

0.854(7) 

H7B 

0.854(7) 

H8 

0.820(9) 

H9 

0.820(9) 

H11A 

0.853(7) 

H11B 

0.853(7) 

H12A 

0.859(7) 

H12B 

0.859(7) 

H14 

0.824(8) 

HI  5  A 

0.851(7) 

H15B 

0.851(7) 

H16A 

0.854(7) 

H16B 

0.854(7) 

H17 

0.880(9) 

EM 

0.878(6) 

H18B 

■EfgjSjBSEH 

H18C 

^KESiSSflHi 

HINA 

0.795(10) 

H1NB 

0.791(11) 

H2NA 

0.793(10) 

H2NB 

0.792(10) 

Monopole  populations  (e')  of  17y9-estradiol«urea. 
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B-12.  Multipole  populations  (e‘)  of  Oxygen  and  Nitrogen  atoms  of  1 7 /?-estradiol*urea. 
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Table  B- 1 3 .  Multipole  populations  (e*)  of  Carbon  atoms  of  1 7y3-estradiol»urea. 


Table  B- 1 4.  Multipole  populations  (e‘)  of  Hydrogen  atoms  of  1 7 /?-estradiol*urea 
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Bond _ p(rc) _ V2/Xfc) _ Ry _ di _ _ A/ _ A? _ A3 

01 -C3  2.087  -18.278  1.3735  0.8406  0.5328  -16.40  -15.05  13.17 

01-H10  2.283  -34.847  0.9701  0.7549  0.2152  -37.51  -37.10  39.76 

02-C17  1.739  -7.066  1.4361  0.8207  0.6155  -12.61  -11.76  17.30 

02-H20  2.221  -30.002  0.9702  0.7490  0.2212  -35.29  -35.22  40.50 


Table  B- 1 5 .  Topological  properties  of  bond  critical  points  in  1 7 /?-estradiol«urea. 


Bond  /C<rc) _ V2pCrc) _ _ di_ _ <h _ fa _ fa _ fa _ £_ 

C11-C12  1.625  -10.611  1.5370  0.7554  0.7816  -10.64  -10.04  10.06  0.06 

C11-H11A  1.881  -15.797  1.0915  0.6470  0.4445  -16.59  -15.64  16.44  0.06 

C11-H11B  1.965  -16.576  1.0900  0.6560  0.4340  -17.75  -16.24  17.42  0.09 


Table  B-16.  Topological  properties  of  bond  critical  points  in  17/?-estradiol»urea  continued. 
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Figure  B-7.  The  Laplacian  of  the  total  electron  density  of  atoms  at  rest  in  the 

H12A  -  C12  -  H12B  plane  of  17/?-estradiol«urea.  Contour  intervals  are  5  eA'5 
starting  at  5  eA'5  (solid  blue  lines),  -2  eA'5  starting  at  -2  eA'5  (dotted  red  lines), 
and  the  dashed  line  plots  0  eA'5. 


Figure  B-l  1.  Dynamic  model  map  and  residual  map  in  the  plane  of  the  lone  pairs  of  01  of  17/?-estradiol*urea.  Contour  intervals  are 
0.05  eA'3  with  solid  lines  positive,  dashed  lines  zero,  and  dotted  lines  negative. 


Figure  B-12.  Dynamic  model  map  and  residual  map  in  the  C17  -  02  -  H20  plane  of  1 7 y9-estradiol*urea.  Contour  intervals  are  0.05 
eA'3  with  solid  lines  positive,  dashed  lines  zero,  and  dotted  lines  negative. 


estradiol  *urea.  Contour  intervals  are  5  eA'5  starting  at  5  eA'5  (solid  blue  lines),  -2  eA'5  starting  at  -2  eA'5  (dotted  red 
lines),  and  the  dashed  line  plots  0  eA'5. 
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Appendix  C 

1 7  /2-estradiol*  ^methanol 


C(18') 


C(6') 


C(4') 


0(2) 


C(16) 


Figure  C-l.  Thermal  ellipsoid  plot  of  1 7/?-estradiol*,/2methanol  where  ellipsoids  represent 
50%  probability  electron  density  of  the  atom.  Hydrogen  atoms  are  omitted  for 
clarity. 


Run 

26 

CO 

</> 

Scan 

Width  (°) 

#  of 
Frames 

Frame 
Times  (sec) 

1 

-40 

-46 

22 

-0.15 

1100 

16 

2 

-40 

-46 

112 

-0.15 

1100 

16 

3 

-40 

-46 

202 

-0.15 

1100 

16 

4 

-40 

-46 

292 

-0.15 

1100 

16 

5 

-80 

-86 

67 

-0.15 

1100 

32 

6 

-80 

-86 

157 

-0.15 

1100 

32 

7 

-80 

-86  . 

247 

-0.15 

1100 

32 

8 

-80 

-86 

337 

-0.15 

1100 

32 

9 

-102 

-108 

22 

-0.15 

1100 

64 

10 

-102 

-108 

112 

-0.15 

1100 

64 

11 

-102 

-108 

202 

-0.15 

1100 

64 

12 

-102 

-108 

292 

-0.15 

1100 

64 

Table  C-l .  Data  collection  parameters  for  1 7/1-estradiol* '/knethanol. 
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Crystal  Data 

Chemical  Formula 

C37H52O5 

Temperature 

100.0(1)  K 

Crystal  Dimensions 

0.22  x  0.26  x  0.42  mm 

Space  Group 

PI 

A 

7.2910(1)  A 

B 

9.2768(1)  A 

C 

12.3873(2)  A 

a 

89.4704(6) 

0 

87.8577(6) 

r 

70.7607(7) 

Volume 

790.489(33)  Ai 

Z  (Crystallographic) 

2 

Integration  Parameters 

Box  Size  (°) 

Profile 
Fitting  (I Id) 

Simple  Sum 
Perimeter 
Limit 

Low  Angle 

1.5  x  1.5  x  1.0 

20  20 

0.02 

Medium  Angle 

1.2  x  1.2  x  0.8 

20  20 

0.02 

High  Angle 

1.0  x  1.0  x  0.6 

10  10 

0.02 

Reflection  Statistics  (from  SORTAV) 

Total  Reflections 

86369 

Rejected  Outliers 

33 

Unique  Reflections 

29051 

Average  Redundancy 

3.0 

Resolution 

1.329  A'1 

Completeness 

91.9% 

Ri 

5.77  % 

r2 

5.34  % 

Rw 

15.25% 

Z  (Refinement) 

1.219 

Table  C-2.  Selected  crystal,  integration,  and  reflection  data  for  17^-estradiol»14methanol. 
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X 


C19 


H19B 


H19A- 


Figure  C-2.  Coordinate  system  for  the  methanol  molecule. 
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Q  <  -4 
-4  <  Q  <  -3 


1  <Q  <2 

2  <Q  < 3 

3  <Q<4 

4  <Q  < 6 
6  <0  <  8 


8<Q<  10 


10  <Q<20 
20  <Q  <  30 


100  <Q 


173 


2508 


7959 


7845 


6736 


5725 


10058 


8497 


6921 


18395 


4702 


1174 


212 


0 


<ri> 

r2 

0.0 

0.0000 

0.0000 

0.0 

0.0000 

0.0000 

2.0 

0.3321 

0.3844 

2.3 

0.5492 

0.6949 

1.0254 


.5759 

.3661 


2_ 

0 


0.1266 


1.1755 


1.0485 


0.6902 


0.4556 


.3270 

.2248 


0.1558 


IjXgg 

I 


4.0 

0.0969 

0.1194 

4.1 

0.0596 

0.0679 

3.9 

0.0389 

0.0677 

K 


0.0000 


0.0000 


0.3018 


0^ 

5 


0.9274 


0.4618 


0.2863 


32 


0.1548 


0.1169 


0.0927 


5_ 

0 


0.0241 


2_ 

0 


Z 


0.000 

0.000 


1.034 


V 


.000 

.000 

.263 


1.501 


0.519 


0.322 


0.101 


0.063 


0.040 


0.025 


0.011 


0.000 


Table  C-3.  Intensity-Significance  Intervals  where  n  is  the  number  of  reflections,  m  is  the 
number  of  unique  reflections,  <n>  is  the  average  measurement  multiplicity,  and  Q=I/Max 
(o5nt/crext)  respectively  for  17yff-estradiol»!4methanol. 


D>  1.016 


1.016>D>  0.806 


0.806  >  D  >  0.705 
0.705  >D>  0.640 


0.640  >D>  0.594 


0.594  >D>  0.559 
0.559>D>  0.531 


.531 

> 

D 

> 

0.508 

.508 

> 

D 

> 

0.488 

.488 

> 

D 

> 

0.472 

All 

> 

D 

> 

0.457 

.457 

> 

D 

> 

0.444 

.444 

> 

D 

> 

0.432 

.432 

> 

D 

> 

0.422 

.422 

> 

D 

> 

0.412 

.412 

> 

D 

> 

0.403 

.403 

> 

D 

> 

0.395 

.395  >D>  0.388 


.388>D>  0.381 

500 

.381  >D>  0.374 

108 

Table  C-4.  Equal-Volume  Resolution  Shells  where  n  is  the  number  of  reflections,  m  is  the 
number  of  unique  reflections,  <n>  is  the  average  measurement  multiplicity,  and 
S=sin$//l  (A*1)  respectively  for  1 7y5-estradiol»1/2methanol. 
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Table  C-5. 


Monopole 

„_2 

SP 

sp3 

20 

33+ 

32- 

01 

-0.50 

02 

-0.49 

Cl 

-0.30 

-0.22 

0.34 

C2 

-0.38 

-0.19 

0.37 

C3 

0.27 

-0.21 

0.38 

C4 

-0.33 

-0.17 

0.36 

C5 

-0.18 

-0.22 

0.33 

C6 

-0.26 

0.31 

C7 

-0.31 

0.34 

C8 

-0.21 

0.39 

C9 

-0.17 

0.31 

CIO 

-0.25 

-0.18 

0.37 

Cll 

-0.31 

0.35 

C12 

-0.28 

0.31 

C13 

-0.16 

0.38 

C14 

-0.20 

0.38 

C15 

-0.26 

0.33 

C16 

-0.35 

0.42 

C17 

0.20 

0.38 

C18 

-0.32 

0.27 

Monopole 

HIO 

0.40 

H20 

0.38 

HI 

0.23 

H2 

0.22 

H4 

0.26 

H6x 

0.20 

H7x 

0.17 

H8 

0.20 

H9 

0.16 

Hllx 

0.17 

H12x 

0.16 

H14 

0.19 

H15x 

0.16 

H16x 

0.18 

H17 

0.13 

H18x 

0.18 

Atoms 

Kappa 

K 

K1 

01,02,  03 

1 

0.97 

1.16 

C3 

2 

1.01 

0.92 

C17 

3 

1.02 

0.95 

Cl,  C2,  C4 

4 

0.97 

0.92 

C5,  CIO 

5 

0.98 

0.87 

C6,  C7,  C8,  C9, 

Cll,  C12,  C13,  C14, 
C15,  C16,  C17,  C18,  C19 

6 

0.98 

0.95 

all  C-H  hydrogen  atoms 

7 

1.20 

1.29 

HIO,  H20,  H30 

8 

1.20 

1.29 

Starting  values  entered  into  the  model  for  the  multipole  refinement  for  17/?- 
estradiol*!4methanol.  Units  for  multipole  populations  Eire  e'. 
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Table  C-7.  Fractional  atomic  coordinates  for  molecule  2  and  methanol  of  17/?-estradiol#V£methanol. 
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Table  C-8.  Anisotropic  thermal  parameters  of  non-H  atoms  for  1 7/?-estradiol»,/2methanol. 
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Table  C-9. 


Atom 

Uiso 

HIO’ 

0.0326(27) 

H20’ 

0.0316(26) 

Hr 

0.0470(24) 

H2’ 

0.0495(26) 

H4’ 

0.0393(22) 

H6C 

0.0478(24) 

H6D 

0.0580(29) 

H7C 

0.0512(26) 

H7D 

0.0428(22) 

H8’ 

0.0422(23) 

H9’ 

0.0479(25) 

H11C 

0.0550(28) 

HI  ID 

0.0519(26) 

H12C 

0.0515(26) 

HI  2D 

0.0505(25) 

H14’ 

0.0450(23) 

H15C 

0.0578(29) 

H15D 

0.0600(30) 

H16C 

0.0636(31) 

H16D 

0.0657(31) 

H17’ 

0.0553(24) 

H18D 

0.0590(28) 

H18E 

0.0611(29) 

H18F 

0.0749(36) 

Atom 

Uiso 

HIO 

0.0320(26) 

H20 

0.0353(29) 

HI 

0.0453(25) 

H2 

0.0460(26) 

H4 

0.0429(24) 

H6A 

0.0404(21) 

H6B 

0.0491(26) 

H7A 

0.0495(25) 

H7B 

0.0475(24) 

H8 

0.0457(24) 

H9 

0.0386(21) 

H11A 

0.0488(25) 

H11B 

0.0493(25) 

H12A 

0.0519(26) 

H12B 

0.0462(24) 

H14 

0.0414(22) 

H15A 

0.0601(29) 

H15B 

0.0558(28) 

H16A 

0.0592(28) 

H16B 

0.0602(29) 

H17 

0.0505(23) 

H18A 

0.0572(27) 

H18B 

0.0554(26) 

H18C 

0.0658(31) 

H30 

0.0402(30) 

H19A 

0.0770(36) 

H19B 

0.0837(40) 

H19C 

0.0903(43) 

Isotropic  thermal  parameters  of  H  atoms  for  17/^estradiol*  ^methanol. 
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Atoms 

Bond  Length  (A) 

01 -C3 

■bm 

02-C17 

m 

C1-C2 

Cl  -CIO 

1.4009(4) 

C2-C3 

C3-C4 

C4-C5 

C5-C6 

C5-C10 

■m 

C6-C7 

C7-C8 

1.5264(5) 

C8-C9 

C8-C14 

C9-C10 

C9-C11 

1.5377(5) 

C11-C12 

C12-C13 

C13-C14 

i^HSEESSHl 

C13-C17 

1.5374(5) 

C13-C18 

C14-C15 

C15-C16 

C16-C17 

1.5453(6) 

Atoms 


Or  -  C3’ 


02’  -C17’ 


Cl’-C2’ 


Cl’-CIO’ 


C2’  -  C3’ 


C3’-C4’ 


C4’  -  C5’ 


C5’-C6’ 


C5’  -  CIO’ 


C6’-C7’ 


C7’-C8’ 


Bond  Length  (A) 


C9  -  CIO 
C9’-C11’ 

:ir-ci2’ 


C12’  -C13’ 


C13’  -C14’ 


C14’  -C15’ 


C15’  -C16’ 
C16’  -C17’ 


1.4029(5) 


.3938 


1.4073(4) 


1.5270(5) 


C8’-C9’ 

1.5447(4; 

C8’-C14’ 

1.5225(4; 

1.5254(4) 

1.5404(5) 

1.5405(5 


1.5304(5) 


1.5408(5 


C13’  -C17’ 

1.5421(5; 

C13’  -  C18’ 

1.5319(5; 

1.5351(5) 


1.5499(6) 

1.5511(6) 


03-C19 


1.4234(8) 


Table  C-l 0.  Bond  distances  of  non-H  atoms  of  1 7/?-estradiol« ^methanol. 
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Table  C-l  1 .  Bond  angles  for  molecule  1  of  1 7/2-estradiol#1/2methanol. 
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o  u  o  u  o  u  £ 


fiUQ 

t —  r—  i— ~ 

ffi  EC  X 


C7  —  C8  —  C9 _ 108.7(1)  _  C8’ -C14’ -C13’  113.3(1)  03-C19-H19C  111.3(5) 

C7’  -C8’  -C14’ _ 112.9(1)  C8’-C14’  -C15’ _ 119.6(1)  H19A-C19-H19B  107.4(8) 

C9’  -C8’  -C14’ _ 108.7(1)  C13* -C14’ -C15’ _ 103.7(1)  H19A-C19-H19C _ 111,3(8) 

C7’-C8’-H8’  |  106.6(6)  |  C8’  -C14’  -  H14’  j  106.6(6)  |  H19B-C19-H19C  106.1(8) 

T able  C- 1 2.  Bond  angles  for  molecule  2  and  methanol  of  1 7 /^-estradiol*  ^methanol. 


Atom 

Monopole 
Population  (Po.o) 

or 

02’ 

■BSSSSHI 

Cl’ 

4.194(36) 

C2’ 

MEMiil&Bi 

C3’ 

C4’ 

C5’ 

4.123(34) 

C6’ 

4.222(35) 

cr 

C8’ 

4.115(35) 

C9’ 

CIO’ 

cir 

■EMEZUZS^H 

Cl  2’ 

C13’ 

4.220(34) 

C14’ 

4.120(35) 

C15’ 

WKBSEE5SWM 

C16’ 

WKEESSSSMM 

Cl  7’ 

C18’ 

4.365(36) 

Atom 

Monopole 
Population  (Po,o) 

01 

WK&IMMM 

WMzmiswm 

Cl 

4.200(34) 

C2 

C3 

C4 

WMMESStM 

C5 

■EEEEI 

BSfgf 

H3 

C8 

4.124(36) 

C9 

4.101(35) 

CIO 

^■gEmzm 

Cll 

C12 

Bm 

EO 

BEHESSBI 

C14 

4.131(33) 

■KBESSHH 

bbh 

■EUSSiiKi 

03 

C19 

4.264(35) 

Table  C-13.  Monopole  populations  (e‘)  of  non-H  atoms  of  1 7 /?-estradio  1  •  ‘/--methanol . 
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Table  C-14.  Monopole  populations  (e')  of  H  atoms  of  1 7 /^estradiol •‘/--methanol. 
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01 

or 

02 

02’ 

03 

Pl+i 

toimcnm 

eezeseb 

MltEBTitMM 

Eid 

0.0 

0.0 

0.0 

Pj,0 

0.0 

0.0 

■ 

giliMM 

P. 2,0 

0.127(13) 

0.083(12) 

0.089(12) 

0.063(14) 

P2.+1 

guronn 

BiWMhl 

P2.-1 

gtg»Mr/il!» 

0.0 

BgBHEl 

-0.014(13) 

P 2, +2 

chuh 

BMHIM 

MBtlilrir/ilW 

0.0 

P 2,-2 

0.0 

1 

eeh 

Ps,o 

gfHH?TW»W 

Ps,+I 

■i&muai 

0.0 

Eld 

Kinimaa 

0.0 

0.0 

0.027(21) 

P  3, +2 

0.0 

P3, -2 

m>mwuw 

0.0 

0.0 

P3,+3 

iltXikfcMfcM 

P 3,-3 

bsheheb 

P 4,0 

0.037(19) 

0.057(22) 

0.0 

Kifi^XWiW 

0.0 

P 4,+l 

0.0 

-0.035(20) 

0.0 

0.0 

0.0 

P4.-1 

0.0 

0.025(18) 

0.0 

P4.+2 

0.0 

0.0 

0.023(19) 

P4.-2 

0.0 

0.0 

0.0 

P4,+3 

0.0 

HKEBfi' 

HEEHi 

0.0 

Eid 

g»nswii:« 

EggSBEB 

0.0  i 

P  4,+4 

BP)REE18I3M 

0.038(16) 

0.0 

bembb 

P  4,-4 

0.036(17) 

0.0 

giltfeMUM 

-0.030(20) 

Table  C-15.  Multipole  populations  (e')  of  Oxygen  atoms  of  17/?-estradiol« ‘/^methanol. 
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Table  C-16.  Multipole  populations  (e')  of  Carbon  atoms  of  17/?-estradiol*!4methanol. 
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Table  C-17.  Multipole  populations  (e‘)  of  Carbon  atoms  of  1 7 /2-estradiol*  ‘/^methanol  continued. 


Table  C- 1 8.  Multipole  populations  (e")  of  Hydrogen  atoms  of  1 7y^-estradiol»i/2methanol. 


Bond _ /fog) _ V2/foc) _ Ry _ <h _ _ fo _ ^2 _ h _ e_ 

Q1-C3 _ L992 _ -18.666  1.3731  0.8342  0,5389 _ -17.30 _ -13.85 _ 1249 _ 0.25 

31’  -C3’ _ 2401 _ -18,114  1.3692  0.8106  0.5586 _ -17.16 _ -15.42 _ 1446 _ (XU 

Dl-HIO  2.379  -31.187  0.9702  0.7400  0.2302  -37.16  -36.51  42.48  0.02 


Bond 


Tf 

'O 


<o 

VO 


Figure  C-7.  The  Laplacian  of  the  total  electron  density  of  atoms  at  rest  in  the 

H12A  -  C12  -  H12B  plane  of  1 7 yS-estradi ol  •Vknethanol .  Contour  intervals  are  5 
eA'5  starting  at  5  eA'5  (solid  blue  lines),  -2  eA‘5  starting  at  -2  eA"5  (dotted  red 
lines),  and  the  dashed  line  plots  0  eA'5. 
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Appendix  D 
1 7a-estradiol*1/2H20 

Due  to  the  fact  the  multipole  refinement  and  topological  analysis  has  only  recently  been 
completed,  some  of  the  figures  shown  for  the  previous  two  structures  have  not  yet  been 
produced  for  this  structure. 


C(18) 


0(3) 


C(16) 


Figure  D- 1 .  Thermal  ellipsoid  plot  of  1 7a-estradiol*  V2H2O  where  ellipsoids  represent  50% 

probability  electron  density  of  the  atom.  Hydrogen  atoms  are  omitted  for  clarity. 


Run 

29 

CD 

* 

Scan 
Width  (°) 

#of 

Frames 

Frame 

Times 

(sec) 

1 

0 

10 

0 

-0.30 

660 

96 

2 

0 

10 

90 

-0.30 

660 

96 

3 

0 

10 

180 

-0.30 

660 

96 

4 

0 

10 

270 

-0.30 

660 

96 

5 

0 

10 

0 

-0.30 

100 

96 

6 

-60 

-50 

45 

-0.30 

660 

180 

7 

-60 

-50 

135 

-0.30 

660 

180 

8 

-60 

-50 

225 

-0.30 

660 

180 

9 

-60 

-50 

315 

-0.30 

660 

180 

10 

-60 

-50 

45 

-0.30 

100 

180 

Table  D-l .  Data  collection  parameters  for  1 7ar-estradiol»/4H20. 
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Crystal  Data 

Chemical  Formula 

C18H25O2.5 

Temperature 

100.0(1) K 

Crystal  Dimensions 

0.24  x  0.33  x  0.33  mm 

Space  Group 

C2 

A 

19.0235(5)  A 

B 

7.0653(2) A 

C 

13.3496(3)  A 

P 

124.0544(10) 

Volume 

1486.56(10)  A3 

Z  (Crystallographic) 

4 

Integration  Parameters 

Box  Size  (°) 

Profile 
Fitting  (I Id) 

Simple  Sum 
Perimeter  Limit 

Low  Angle 

1.2  x  1.2  x  0.8 

40  10 

0.02 

High  Angle 

1.0  x  1.0  x  0.6 

30  10 

0.02 

Reflection  Statistics  (from  SORTAV) 

Total  Reflections 

85540 

Rejected  Outliers 

69 

Unique  Reflections 

14593 

Average  Redundancy 

5.9 

Resolution 

1.319  A'1 

Completeness 

98.2  % 

Ri 

3.76  % 

r2 

4.13% 

Rw 

13.52  % 

Z  (Refinement) 

1.949 

Table  D-2. 


Selected  crystal,  integration,  and  reflection  data  for  17a-estradiol«!4H20. 


2-fold  axis 


Figure  D-2.  Coordinate  system  for  the  water  molecule. 


95 


Table  D-3.  Intensity-Significance  Intervals  where  n  is  the  number  of  reflections,  m  is  the 

number  of  unique  reflections,  <n>  is  the  average  measurement  multiplicity,  and 
Q=I/Max  (oint/crext)  respectively  for  17a-estradiol#1AH20. 


n 

D>  1.029 

13550 

1.029  >  D  >  0.817 

13830 

0.817>D>  0.713 

0.713  >D>  0.648 

0.648  >D>  0.602 

4119 

0.602  >D>  0.566 

3914 

0.566>D>  0.538 

0.538>D>  0.514 

0.514>D>  0.495 

3483 

0.495  >D>  0.478 

3201 

0.478  >  D  >  0.463 

0.463  >D>  0.449 

KfiHM 

0.449  >D>  0.438 

2820 

0.438  >D>  0.427 

2819 

m 

<n> 

791 

17.1 

774 

17.9 

8 

5.5 

9 

5.2 

0.427  >  D  >  0.417 

2608 

0.417>D>  0.408 

2594 

0.408  >  D  >  0.400 

2537 

0.400  >D>  0.393 

WtltW 

0.393  >D> 0.386 

0.386  >D>  0.379 

1629 

0.0706 


0.0891 


0.1057 


0.0660 


0.0866 


0.1209 


0.1320 


379 

396 


0.1467 


0.1593 


0.1054 


0.1491 


0.1950 


0.2140 


0.2517 


0.2849 


0.3111 


.3549 

.3852 


0.4653 


.986 

.817 


2.082 


2.145 


2.182 

2.137 


2.076 


2.163 


2.089 


2.055 


2.063 


0.030 

0.039 


0.041 


0.044 


0.1897 


0.2656 


0.2877 


.3364 

.3783 


0.4655 


0.2191 


0.2331 


0.2650 


0.2784 


0.3036 


.3461 

.3658 


0.4370 


1.947 


2.007 


1.927 


1.932 


.926 

.941 


1.769 


0.079 

0.100 


0.116 

0.117 


0.114 


0.163 

0.212 


0.236 


0.280 


Table  D-4.  Equal- Volume  Resolution  Shells  where  n  is  the  number  of  reflections,  m  is  the 

number  of  unique  reflections,  <ri>  is  the  average  measurement  multiplicity,  and 
D=sin Q/k  (A'1)  respectively  for  17a-estradiol#1/2H20. 


96 


Table  D-5. 


Monopole 

H10 

0.40 

H20 

0.38 

HI 

0.23 

H2 

0.22 

H4 

0.26 

H6x 

0.20 

H7x 

0.17 

H8 

0.20 

H9 

0.16 

Hllx 

0.17 

H12x 

0.16 

H14 

0.19 

H15x 

0.16 

H16x 

0.18 

H17 

0.13 

H18x 

0.18 

MonoDole 

sp2 _ 

sp3 

20 

33+ 

32- 

01 

-0.50 

02 

-0.49 

Cl 

-0.30 

-0.22 

0.34 

C2 

-0.38 

-0.19 

0.37 

C3 

0.27 

-0.21 

0.38 

C4 

-0.33 

-0.17 

0.36 

C5 

-0.18 

-0.22 

0.33 

C6 

-0.26 

0.31 

C7 

-0.31 

0.34 

C8 

-0.21 

0.39 

C9 

-0.17 

0.31 

CIO 

-0.25 

-0.18 

0.37 

Cll 

-0.31 

0.35 

C12 

-0.28 

0.31 

C13 

-0.16 

0.38 

C14 

-0.20 

0.38 

C15 

-0.26 

0.33 

C16 

-0.35 

0.42 

C17 

0.20 

0.38 

C18 

-0.32 

0.27 

Atoms 

Kappa 

K 

K' 

01,02 

1 

0.97 

1.16 

C3 

2 

1.01 

0.92 

C17 

3 

1.02 

0.95 

Cl,  C2,  C4 

4 

0.97 

0.92 

C5,  CIO 

5 

0.98 

0.87 

C6,  Cl,  C8,  C9, 

Cll,  C12,  C13,  C14, 
C15,  C16,  C17,  C18 

6 

0.98 

0.95 

all  C-H  hydrogen  atoms 

7 

1.20 

1.29 

HI  6,  H20 

8 

1.20 

1.29 

03 

9 

H30 

10 

Starting  values  entered  into  the  model  for  the  multipole  refinement  for  17a- 
estradiol*/4H20.  Units  for  multipole  populations  are  e\ 
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atomic  coordinates  for  1 7a-estradiol,1/2H20. 


U1J 

u" 

0.00505(7) 


0.00130(7) 


0.00282(7 


0.00213(7) 

0.00038(7) 

0.00082(6) 

0.00084(6) 

0.00119(7) 


0.00168(7) 

C14  0.01012(8)  I  0.00939(8)  |  0.01077(8)  |  -0.00013(6)  |  0.00488(7)  |  0.00063(7) 


0.00240(8) 


C16  0.01292(10 


C17  0.01204(9' 


C18  0.01651(11 


03  0.01581(12)  |  0.01773(13)  |  0.02136(14)  |  0.00000  0.00928(11)  |  0.00000 


Table  D-7.  Anisotropic  thermal  parameters  of  non-H  atoms  for  na-estradiobV-TkO. 


Atom 

Uiso 

H14 

0.0407(12) 

H15A 

0.0470(13) 

H15B 

0.0550(15) 

H16A 

0.0586(16) 

H16B 

0.0598(16) 

H17 

0.0426(12) 

H18A 

0.0577(15) 

H18B 

0.0644(17) 

H18C 

0.0538(14) 

H30 

0.1065(51) 

Atom 

Ujso 

HIO 

0.0386(18) 

H20 

0.0471(20) 

HI 

0.0519(16) 

H2 

0.0460(14) 

H4 

0.0447(14) 

H6A 

0.0564(15) 

H6B 

0.0449(13) 

H7A 

0.0413(13) 

H7B 

0.0434(12) 

H8 

0.0380(12) 

H9 

0.0392(12) 

H11A 

0.0436(13) 

H11B 

0.0464(13) 

H12A 

0.0410(12) 

H12B 

0.0445(13) 

Table  D-8.  Isotropic  thermal  parameters  of  H  atoms  for  17a-estradiol*!4H20. 
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Atoms 

Bond  Length  (A) 

01 -C3 

1.3724(3) 

02-C17 

1.4365(4) 

C1-C2 

1.3927(4) 

Cl -CIO 

1.4024(4) 

C2-C3 

1.3945(4) 

C3-C4 

1.3951(4) 

C4-C5 

1.4030(3) 

C5-C6 

1.5162(4) 

C5-C10 

1.4087(3) 

C6-C7 

1.5289(4) 

C7-C8 

1.5274(3) 

C8-C9 

1.5457(3) 

C8-C14 

1.5261(3) 

Atoms 

Bond  Length  (A) 

C9-C10 

1.5232(3) 

C9-C11 

1.5390(3) 

C11-C12 

1.5390(4) 

C12-C13 

1.5305(4) 

C13-C14 

1.5432(3) 

C13-C17 

1.5444(4) 

C13-C18 

1.5431(4) 

C14-C15 

1.5382(4) 

C15-C16 

1.5560(4) 

C16-C17 

1.5465(4) 

Table  D-9.  Bond  distances  of  non-H  atoms  of  17a-estradiol»!4H20. 
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Table  D- 1 0.  Bond  angles  of  1 7a-estradiol*1/2H20. 


Atom 


Monopole 
Population  (Poo) 


.  Monopole 

°m  Population  (Poo) 


H7B 


H8 


H9 


H11A 


H11B 


H12A 


H12B 


H14 


H15A 


H15B 


H 

H 


H17 


H18A 
H18B 
H18C 
H30  ' 


0.879(7) 

0.879(7) 

0.879(7) 

0.726(8) 


Table  D-l  1 .  Monopole  populations  (e')  of  17a-estradiol«/4H20. 
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Table  D-12.  Multipole  populations  (e‘)  of  Oxygen  and  Nitrogen  atoms  of  1 7a-estradiol*l/2H20. 
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C18 

0.138(11) 

00 

-0.150(12) 

-0.024(10) 

0.027(9) 

0.045(9) 

-0.047(8) 

0.041(9) 

0.029(14) 

00 

O 

o 

0.160(14) 

-0.086(14) 

0.134(12) 

0.215(12) 

-0.117(13) 

C17 

-0.028(10) 

00 

-0.148(13) 

0.046(9) 

(6)8100 

0.055(9) 

00 

O 

d 

i 

00 

(N 

O 

d 

i 

-0.038(15) 

0.067(13) 

0.054(15) 

0.050(14) 

0.283(13) 

OO 

tT 

o 

d 

-0.018(12) 

C16 

0.109(12) 

-0.171(13) 

(ii)ioro- 

O 

© 

-0.027(9) 

0.026(10) 

0.039(10) 

(6)6100 

0.023(13) 

-0.071(13) 

0.042(15) 

(91)9010- 

0.288(13) 

-0.082(15) 

1-H 

W 

00 

© 

d 

i 

C15 

0.097(16) 

00 

(11)0600 

-0.086(10) 

(6)6100- 

-0.031(9) 

(8)9800 

(6)9100* 

o 

d 

-0.143(12) 

-0.032(13) 

o 

d 

0.273(14) 

-0.206(15) 

0.036(14) 

C14 

0.128(13) 

(11)690  0- 

-0.123(12) 

-0.012(9) 

0.032(9) 

(6)0100- 

-0.064(9) 

0.034(9) 

0.021(15) 

-0.018(11) 

0.103(13) 

/*— v 
CT) 

'■w' 

00 

to 

o 

d 

i 

0.327(14) 

-0.034(13) 

-0.027(13) 

C13 

00 

-0.084(13) 

-0.123(12) 

-0.031(10) 

0.046(9) 

-0.018(9) 

(6)8100* 

-0.014(9) 

0.062(15) 

00 

0.119(13) 

-0.130(15) 

0.335(12) 

0.051(13) 

-0.117(14) 

C12 

-0.069(12) 

-0.056(13) 

0.129(12) 

-0.019(10) 

00 

N 

00 

o 

© 

d 

0.025(9) 

y— V 

00 

o 

d 

0.055(15) 

-0.171(14) 

-0.037(14) 

-0.051(12) 

0.201(13) 

-0.134(13) 

0.015(13) 

Cll 

-0.108(13) 

(£1)6010 

0.044(11) 

00 

-0.023(8) 

-0.035(9) 

-0.027(9) 

-0.041(8) 

0.046(15) 

-0.110(13) 

0.024(14) 

0.104(14) 

0.280(13) 

-0.110(14) 

0.099(12) 

CIO 

0.085(16) 

-0.142(14) 

0.026(12) 

-0.168(10) 

00 

0.073(10) 

s 

3 

o 

d 

i 

(oi)osoo- 

-0.058(18) 

-0.028(13) 

-0.019(14) 

(91)8600- 

-0.024(16) 

0.361(14) 

0.045(18) 

Multipoles 

+ 

cC 

-i' 

a. 

ft. 

C 

<c 

+ 

ft? 

«N 

+ 

ft? 

ft? 

Ci 

+ 

+ 

ft? 

«N 

+ 

ft. 

7 

cC 

Table  D- 1 3.  Multipole  populations  (e')  of  Carbon  atoms  of  1 7a-estradiol»1/2H20. 


Atoms 

_ ho _ 

P 2,0 

HIO 

BUI 

H20 

HI 

0.128(15) 

0.023(19) 

H2 

MtlritMIIM 

H4 

■iir.iriiM 

BtiUHIril 

H6A 

| 

nn 

H6B 

■i>l« 

H7A 

■tMIHtiW 

H7B 

0.140(8) 

H8 

0.139(11) 

0.0 

H9 

0.107(11) 

H11A 

H11B 

0.135(8) 

WEEEBEM 

H12A 

H12B 

281 

■riWfcHf 

H14 

tfimr/IKM 

0.038(17) 

1 

0.0 

0.0 

H16A 

BMIun 

H16B 

■aarma 

H17 

0.0 

H18A 

IBM 

H18B 

0.134(7) 

H18C 

IMkEHriBg 

H30 

MieirirrMl 

0.035(23) 

Table  D-14.  Multipole  populations  (e')  of  Hydrogen  atoms  of  1 7a-estradiol»!/2H20. 
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Table  D-17.  Topological  properties  of  bond  critical  points  in  the  hydrogen  bonds  of  na-estradiob'/iThO. 
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Figure  D-7.  The  Laplacian  of  the  total  electron  density  of  atoms  at  rest  in  the 

H12A  -  C12  -  H12B  plane  of  17a-estradiol»1/2H20.  Contour  intervals  are  5  eA"5 
starting  at  5  eA'5  (solid  blue  lines),  -2  eA'5  starting  at  -2  eA'5  (dotted  red  lines), 
and  the  dashed  line  plots  0  eA'5. 
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Figure  D-9.  The  Laplacian  of  the  total  electron  density  of  atoms  at  rest  in  the  plane  of  the 
aromatic  ring  of  17a-estradiol#1/iH20.  Contour  intervals  are  5  eA 5  starting  at  5 
eA'5  (solid  blue  lines),  -2  eA'5  starting  at  -2  eA‘5  (dotted  red  lines),  and  the  dashed 
line  plots  0  eA'5. 


